Abstract-An operating center frequency of 2.45 GHz rectangular inset fed microstrip patch antenna with defected ground structures for ISM band applications has been presented in this paper. The return loss of the proposed antenna is -29.726 dB with impedance bandwidth for < -10 dB is 2.441 to 2.462 GHz, that covers IEEE 802.11 g/n OFDM 20 MHz channel width. The antenna has a directional far-field pattern at the boresight direction of with a good total antenna efficiency of -1.39 dB. The proposed antenna is light weighted, easy to fabricate and achieved good directivity gain of 7.04 dBi and VSWR of 1.06 at the resonant frequency that makes it suitable for WLAN applications.
INTRODUCTION
In the current era, necessity of wearable devices is growing rapidly by the demand of its flexibility and popularity of using in different domains and disciplines. These include environmental monitoring, industrial, healthcare and structural health monitoring and so forth. Most of the wearable devices work on wireless communication technology like, WLAN, Bluetooth/WPAN, Wi-Fi, ZigBee, Body Area Network (BAN), WSN etc. The proper design of antenna for these wearable devices is a great challenge. Antenna is an important component which helps transmitting the signal to distance places wirelessly. The requirements of antennas for these devices with wireless communication are lightweight, low manufacturing cost and comparatively small. Microstrip patch antenna meets this requirement very well. Designers are always preferred microstrip patch antenna for different wireless communication applications for its significance [1] .
Microstrip patch antennas are popular because of its simplicity of design and antenna patch shape can be modified easily to match resonant frequency, signal pattern, polarization and impedance. To improve the performance of the antenna different initiatives are utilized like feeding technics, slots on the patch, different dielectric materials and defected ground structures (DGS). An inset fed rectangular patch antenna has been designed on a FR4 substrate with 1.6 mm substrate height at a resonant frequency of 2.45 GHz in [2] . In this paper the authors have showed the effect of changing microstrip feed line position. Other authors have also designed their antennas on FR4 substrate, but they have done different slots on ground plane [3] - [6] . In [3] , authors have designed a split ring resonator to achieve bandwidth of 100 MHz and realized gain enhancement of 5.93 dBi. In [4] authors have proposed their antenna with inset fed and DGS both for gain improvement. Their designed antenna got a good return loss and bandwidth. However, it has only achieved gain directivity of 3.049 dBi consequently. In [5] , with U shape DGS; the authors have achieved a good bandwidth of 117 MHz but with a low gain of 2.80 dBi. In [6] , authors have proposed rectangular patch antenna with DGS and switched beam on the top plane. Slots on the patch and inset fed patch antenna has been introduced in [7] . The authors here have achieved a good gain and return loss with using a different substrate RT Duriod 5880 with a height of 1.6 mm. Defected ground slots on Taconic RF-5 with 1.52 mm height substrate has been proposed in [8] . The resonant frequency of the proposed antenna is 2.4 GHz frequency with 380 MHz bandwidth. A new pentagon shaped patch antenna with DGS has been proposed in this paper [9] . Authors used FR4 substrate with 0.8 mm height and achieved a good gain of 5.28 dBi and return loss of -31 dB. However, the total efficiency of the antenna dropped as low as -17 dB. In [10] , [11] , authors have proposed an antenna with squareshaped ring resonator with L and U-shaped structure as defected ground plane. The antenna has got wide bandwidth of 70 MHz, but a poor directive gains of 1.5 dBi.
In above mentioned works, most of the authors have used thick dielectric material for their design and got wide bandwidth. For narrow band applications, they will require extra component like band pass filter for specified channel and to avoid signal interference [12] . In this work, a thin Taconic TLX-8 substrate with thickness of 0.5 mm, dielectric constant of 2.55 and loss tangent of 0.0019 has been used to design the antenna. The substrate is thin, compact, lightweight and suitable for antenna with low fabrication cost. The proposed design can work for specified channel without extra component, and it has successfully covered the IEEE 802.11 g/n (OFDM) 20 MHz channel width standards. In 14 different non-overlapping channels in ISM band, the designed antenna exactly covers the bandwidth of channel 9.
This paper discusses about the antenna design methodology and formulas for parameters calculation in the next section. Section III describes the result and discussion with several figures, comparison table of having and not having DGS and achievements of the design with benchmarking table. In section IV the paper ends with conclusion.
II. ANTENNA DESIGN The design strategy has been adopted to keep minimum return loss nearly at the resonant frequency of 2.45 GHz. The proposed rectangular inset fed microstrip patch antenna design method and parameters calculation formulas are taken from [1], [13] and then optimized with the CST STUDIO SUITE.
Dielectric constant ߝ of the substrate is not a spare variable as if it depends on the dielectric material to be used. A wearable thin substrate of 2.55 dielectric constant and 0.5 mm height has been used for the proposed antenna. Several parameters are needed for the desire design, therefore with the dielectric constant and thickness of the substrate are set as constant values to provide good impedance matching of the inset feed patch antenna.
As a design procedure, with the specified dielectric constant ( ߝ ), height ( ݄ ) of the substrate and resonant frequency ( ݂ ) the patch width (ܹ ) and patch length ‫ܮ(‬ ) has calculated with the following formulas:
Calculation of Patch width (Wp ) -
Calculation of Patch length (Lp ) -
Where, ݂ is the resonant frequency ܹ is the patch width ‫ܮ‬ is the patch length ݄ is the thickness ߝ is the dielectric constant of the substrate ܿ is the Speed of light: ͵ ൈ ͳͲ ଼ It is very important to measure inset feed length ‫ݕ(‬ ) and inset width ‫ݔ(‬ ). Because, input impedance of the inset fed microstrip patch antenna depends on the inset length ‫ݕ(‬ ) and to some extent on inset width ‫ݔ(‬ ). With the variation on inset width produce changes in resonant frequency and with the variation on inset length produce changes in return loss. Inset width ‫ݔ‬ should be more than half of the feed width, (ܹ ). In the proposed design, inset width ‫ݔ(‬ ) has taken as same as the microstrip feed width ( ܹ ) and inset fed length ( ‫ܮ‬ ) is optimized value. Feed width and inset fed length are calculated with the following formulas:
Where, ܹ is the microstrip feed width ‫ݕ‬ is the inset length ܼ is the input Impedance
ܴ is the input Resistance
Ground plane width (ܹ ) and ground plane length ‫ܮ(‬ ) are calculated with the following formulas [2] :
After estimating the parameters of the antenna, the structure is modeled and simulated using CST MWS. The antenna structure is shown in Fig. 1 . Some parameters have been optimized in CST for getting desired resonant frequency and the final optimized parameters have given in Table 1 . Defected ground structure (DGS) method has been taken to get the maximum efficiency. Several numbers of parallel slots have been placed on the ground plane behind the rectangular patch to achieve desire efficiency. Generally, DGS are used to make the antenna patch size smaller and effective. A good amount of surface current accumulated on the patch by 6 vertically placed rectangular shape slots on the ground plane. The optimized dimensions of the slots have given in table 1. III. RESULT AND DISCUSSION The simulation of the designed antenna has done by CST MWS and the simulated result of the return loss (S11) has shown in Fig. 2 . and VSWR of the designed antenna has shown in Fig. 3 . As shown in Fig. 2 , the simulated result of the return loss ሺܵ ଵଵ ሻ is as low as around -30 dB with DGS and it has a sharp resonance exactly at 2.45 GHz. The -10dB bandwidth is of the antenna is between 2.441 -2.462 GHz which is 21 MHz. On the other hand, it can also be seen from Fig. 2 that the value of S11 without DGS is around 13.5 dB. Moreover, the resonance point of the antenna is at 2.44 GHz with a less bandwidth of 15.9 MHz only. The return loss ሺܵ ଵଵ ሻ has decreased around 16 dB. Fig. 3 comprises the VSWR response of the antenna with and without DGS. It is seen that the VSWR value is improved from 1.53 to 1.06 with the use of the DGS. With DGS, the antenna patch has become smaller with 177 mm 2 decreasing in the area. Form Fig. 4 , it can be seen that with DGS, the antenna got higher efficiency (-1.39 dB) compare to the design without DGS (-2.147 dB) which leads to an increased (17.63%) realize gain of 5.647 dB with DGS. The increase in the realized gain of the antenna has been calculated with formula (12) .
Where, ‫ܩ‬ ௪ and ‫ܩ‬ ௪ is the gain of the antenna with DGS and without DGS in linear value respectively.
Surface current at the resonant frequency shows greater amount of current on the radiating rectangular patch and is above 160 A/m of the design with DGS that is almost 30 A/m more compared to the design without DGS (seen from Fig. 5 ). The summary of above mentioned discussions about the antenna improvements with DGS has been given in Table II . The designed antenna's polar representation of the radiation pattern has shown in Fig. 6 . The directivity gain is 7.04 dBi with boresight main lobe direction at 0 0 deg. The proposed antenna has been benchmarked with some existing works and has given in Table III . The antenna has got the maximum efficiency than other works in terms of gain and return loss. The antenna has got narrow bandwidth which was the focus of the work. IV. CONCLUSSION A rectangular inset fed microstrip patch antenna has been designed with and without DGS; and simulated with CST at 2.45 GHz center frequency of ISM band. An increase of 17.63% in terms of the realized gain has been noticed with DGS. Rectangular shaped vertical slots on ground plane helps to achieve more current distribution on the patch. With the optimized parameters of the antenna, the return loss is -29.726 dB, VSWR of 1.0675, surface current is above 160 A/m, total efficiency of -1.39 dB and a boresight directional radiation pattern at 0 0 with 7.04 dBi directivity gain has been achieved. The designed antenna is able to work for a single channel of ISM band with the standard IEEE 802.11 g/n (OFDM) 20 MHz channel width. The future approaches of the designed antenna will be, validation of the simulation results with fabrications and also convert it into an array.
